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QUICK FREEZE PALLET RACKS WITH
VARIABLE LOUVERED DOORS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of International Patent

Application No. PCT/US2020/059976, filed Nov. 11, 2020,
entitled “Quick Freeze Pallet Racks With Variable Louvered
Doors”, which 1s hereby incorporated by reference.

BACKGROUND

Blast freezing 1s a known process for quickly exposing
food products to air chilled to very low temperatures (e.g.,
—-40° F./-40° C.) for a period of time suflicient to completely
freeze the food products. FIG. 1 illustrates an example of a
palletized product 10 suitable for blast freezing. Palletized
product 10 includes a pallet 11 supporting a stacked arrange-
ment of a plurality of food product containers 12 with
spacers 13 between rows of containers 12. Such spacers are
known 1n the art for allowing the passage of freezing air
between the layers of food product containers. Alternatively
or concurrently, the food product containers 12 may have
openings 1n their sides to allow for air flow directly through
the containers. In an example conventional blast freezing
facility (not shown), a dedicated blast freezing room
includes a pallet rack for seating multiple palletized products
10. Pallet rack includes pallet seats arranged in columns,
rows, and layers. For example, pallet rack may include four
(4) columns and four (4) rows with each row having a depth
covering five (5) pallet seats. Thus, at max capacity, such a
pallet rack could seat eighty (80) palletized products 20.

In operation, blast freezing room 1s maintained at approxi-
mately —40° F./-40° C. and air handling equipment (typi-
cally 1n the form of fans atop the pallet rack) 1s activated to
direct a flow 15 of freezing air through the palletized
products 10 at a specified tlow rate to quickly freeze the
palletized products 10. Ideally, the freezing air uniformly
flows through spacers 13 to equally freeze the palletized
products 10 within approximately the same amount of time.
However, much of the freezing air follows flow paths 17
around and between the palletized products 10 where there
1s less resistance than flowing through the palletized product
10. Less freezing air than desired follows tlow paths through
spacers 13, where flow paths 15 are 1n closer contact with the
food to be frozen. The limitation 1n flow through paths is the
natural result of tlow paths 17 having less resistance to air
flow than flow paths 15. Furthermore, the freezing air
flowing through the pallets 1n flow paths 15 can pass through
consecutive pallets and be sequentially warmed by each
pallet, so as to make the cooling of the pallets on the exit side
slower than those on the entrance side.

Additionally, the tlow rate through the series of multiple
consecutive pallets tends to have drag. The result 1s an
increase in the amount of time required to adequately freeze
all of the palletized products 10, accompanied by the use of
colder temperatures from a separate freezing system dedi-
cated to the blast freezing process.

U.S. Patent Application Publication No. 2006/01853528 to
Gerald Tippmann et al. discloses an array of palletized
products 1n a warchouse that have a dedicated fan to bring
freezing warehouse air rapidly through the palletized prod-
ucts with only a single pallet thickness for the air path
without having a dedicated refrigeration system associated
with the air handler. U.S. Pat. No. 3,621,672 to Meredith

discloses a blast cooling system that uses racks with seals
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2

around pathways from an air plenum to force cooling,
non-freezing air through palletized tood products in a refrig-

erated warechouse. Meredith discloses that the air flow can be
in either direction as may be desired. Along similar lines,
U.S. Pat. No. 7,017,366 to Bottom discloses both vertical
and horizontal flexible seal elements to engage the palletized
product to direct cooling, non-freezing air through palletized
product, rather than around 1t. U.S. Pat. No. 6,340,043 to
Paupardin discloses flexible seals for the sides of palletized
products 1n a tunnel arrangement. U.S. Patent Application
Publication No. 2011/0107784A1 to Tippmann et al. dis-
closes blast freezing systems with panels that are adjusted by
inserting pins at discrete heights to adjust panel opening to
accommodate pallets of different heights. However, such
systems are labor-intensive, requiring manual adjustment of
cach of the panels 1n each rack position. When considered 1n
relation to the variety of shapes and sizes of palletized
products and the fact that freezing warchouses may have
hundreds of rack positions, the burden of manually adjusting
the panels 1s substantial and renders large-scale deployments
ol such systems impractical.

Accordingly, there 1s a need for pallet rack systems with
airflow panels which adjust automatically to the height of
the palletized goods which are to be subjected to tempera-
ture adjustments through thermal transfer of airtlow.

SUMMARY
The present disclosure provides for rack systems with
airflow openings which are automatically adjusted to open to
different heights corresponding to the different heights of
various palletized goods placed in the rack for freezing,
cooling, or other thermal adjustments. These variable-sized
openings increase airtlow through the palletized goods,
rather than around the edges of the pallet where there would
be less resistance, increasing the rate at which the tempera-
ture of the goods can be adjusted, which benefits overall
system efliciency. Heat transier may be improved by
decreasing turbulence around the pallet. Such improvements
may provide various benefits, such as reducing the differ-
ential between the product goal temperature and the con-
trolled environmental temperature, reducing capital and
utility costs, and improving working conditions for equip-
ment operators. An additional advantage over prior art
systems 15 the fact that the system can be operated when the
rack 1s at any capacity, as the louvered doors automatically
seal unfilled rack positions from airtlow, thereby preventing
wasted resources on cooling (or heating) an empty space.
This advantage also avoids manual labor and/or complicated
engineering required to reconfigure rack openings when
inventory needs require using fewer than all rack positions.
Such rack systems may include additional side sealing
clements to further increase system efliciencies.

In one embodiment, the disclosure provides a door panel
for use 1n pallet rack assemblies that has a series of louvers
mated with a frame, such that the louvers are pivotable to
open and close independently to permit airflow through the
panel at a variety of different height positions. The louvers
may include lever arms which tilt the louvers to the closed
position 1n the absence of pressure from a pallet of goods
seated on the rack and against the panel. When palletized
goods are placed against the louvers, the lever arms 1n
contact with the goods are pushed to rotate the louvers into
the open position, thereby directing airflow through the
palletized goods. Preferably, such panels are used in con-
junction with a sealed plenum in a single depth pallet rack.
Optionally, such louvers (or a portion of such louvers) can
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be configured such that a certain amount of negative air
pressure 1n the plenum will open the louver, providing an
overpressure relief device to prevent the air handling equip-
ment from excess strain.

The disclosure includes pallet racks containing an array of
pallet seats adjacent to a plenum, wherein a frame between
a pallet seat and the plenum includes a pivoting louver to
selectively open the pallet seat to airtlow when a pallet 1s
placed 1n a given seat. Flexible side sheets oriented substan-
tially perpendicular to the frame are deformable upon intro-
duction of airtlow to press against the sides of the palletized
product, thereby sealing the sides of palletized product from
excess airtlow and directing more air through the product. In
some embodiments, the frame includes uprights with saw-
tooth openings to receive the louvers, providing easy access
for tool-less installation, removal, or replacement of the
louvers.

The disclosure includes thermal processing facilities
including the above items in combination with pallet rack
assemblies, air handling equipment (e.g., fans), evaporators,
condensers, heaters, plenums, and seals, with a preferred
application being blast freezing systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a palletized product with horizontal
ventilating spacers permitting air flow between adjacent
layers of product as 1s known in the art.

FIG. 2 illustrates a unique pallet rack assembly incorpo-
rating a variable louvered door.

FIG. 3 illustrates an alternate view of the assembly of
FIG. 2 showing closed doors in the empty pallet racks.

FIG. 4 1illustrates a perspective view of the variable
louvered door panel included in FIG. 3.

FI1G. 5 illustrates a side view of a portion of the frame seen
in FIG. 4.

FIGS. 6A-6C 1illustrate features of the louvers seen in
FIGS. 2-4.

FIGS. TA-7C 1illustrates the assembly of FIGS. 4-5 in
contact with a palletized product, showing a variable-sized

opening to correspond to the height of the palletized product.
FIG. 8 illustrates a flexible side seal included in FIGS.

2-3.
FIG. 9 illustrates a pallet guide previously included in
FIGS. 2-3.

FIGS. 10A-10B illustrate a partial pallet rack assembly of
FIGS. 2-3 including the components shown 1n FIGS. 4-9 1n
more detail.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of certain
principles of the claimed inventions, reference will now be
made to the embodiments illustrated 1n the drawings and
specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of
the claims 1s thereby intended, and alterations and modifi-
cations 1n the illustrated device, and further applications of
the principles of the inventions are herein contemplated as
would normally occur to one skilled in the art. While the
embodiments described below, for example, relate to blast
freezing of various products (e.g., fruits, vegetables, meat,
sealood, baked goods, etc.) for purposes of illustration, it
will be appreciated that the principles of the present descrip-
tion are equally applicable to the blast freezing of any
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article, and are further applicable to other thermal processing
operations driven by airflow, such as cooling, thawing, or
warming.

FIG. 2 1illustrates a unique pallet rack assembly 1ncorpo-
rating a variable-louvered door. In FIG. 2, blast system 20
has pallet racks 21 which may contain an array of pallet seats
277 configured to received palletized products 10 supported
by pallets 11. As shown i FIGS. 2 and 3, the system
includes two single-depth pallet racks 21, each with two
columns and two rows of pallet seats 27. However, 1t 1s
understood that different array configurations are compatible
with the disclosure herein. Preferably, pallet racks 21 are
single-depth pallet racks and system 20 has pallet racks 21
having arrays containing about one (1) to about forty (40)
pallet seats 27. Pallet racks 21 may be separated by a plenum
which can be sealed on opposing ends by panels 23. Fan 24
may be installed on top of the plenum to draw airflow
through the palletized products 10, through variable lou-
vered doors 26 and into the plenum and expel air out the top
of the system 20. Fan 24 may be any fixed or variable speed
fan compatible with the airflow volumes needed to drive
blast system 20 as known to those of skill in the art,
preferably driven by an electric motor. Preferably, fan 24
may include a direct drive electronically commutated motor.
Such a fan may be modulated between higher and lower
airflow settings creating agitation that improves thermal
transter. The top of the rack assembly may be equipped with
additional air handling and/or environment equipment.
While FIG. 2 shows a single fan 24 1n place for the system
20, 1t 1s understood that use of additional fans 1s consistent
with the disclosures herein. In a preferred embodiment,
pallet racks 21 may include additional tlexible side seals 235
which adapt to the side profile of the given product 10 and
prevent excess airtlow around the palletized goods, as
explained further below. Pallet racks 21 may include pallet
guide 22 which 1s configured to align palletized products 10
with the pallet seat 27 to enhance airflow through the
product and improve system efliciency.

FIG. 3 illustrates an alternate view of the assembly of
FIG. 2 showing closed doors 26 in the empty pallet racks.
Pallet rack 21 1s shown without any pallets or palletized
products 1n the pallet seats. Side seals 25 have an arcuate
profile that narrows toward the plenum side of the pallet rack
21. Each pallet seat 1s equipped with a vanable louvered
door assembly 26 and pallet guide 22 for aligning a pallet-
1zed product with the louvered door 26, both detailed further
below. The quick blast systems 20 of FIGS. 2-3 may be used
in combination with other features of a thermal processing
facility. For example, embodiments may include one or
more additional pallet racks for storage separated from the
plenum and air handling equipment, which may be arranged
in aisles and serviced by fork lifts trucks 1n a warehouse
facility. The concentrated airflows provided by the disclo-
sures herein provide rapid thermal adjustment of the pallet-
1zed product. Upon reaching the desired temperatures, pal-
letized products can be transierred to storage racks and then
different inventory units can be processed by the quick blast
system 20.

FIG. 4 15 a perspective view of an inventive door panel 26
included in FIGS. 2-3. A frame 41 surrounds an opening
which, when installed 1in pallet rack assemblies as seen for
example 1 FIGS. 2-3, 1s 1 between a pallet seat and the
plenum. The frame 41 includes uprights 42 which are
configured with one or more engagement points 43. The
engagement points receive pivoting elements of louvers 44.
In FIG. 4, there are ten louvers and ten engagement points
on each upright, but it 1s understood that either a larger
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number or a smaller number of louvers may be used in
connection with the inventions claimed herein. Each louver
44 1s equipped with a lever arm 45 which may bias the
louvers to a closed position. For example, lever arms 45 may
be weighted relative to the rest of the louver 44 such that
pressure or force applied to the lever arm 1s needed to rotate
the louver 44 to an open position. The preferred arrange-
ments include louvers 44 oriented to span horizontal sec-
tions of the opening between the pallet seat and the plenum.
Embodiments of the disclosure includes door panel assem-
blies which include additional mounting hardware suitable
for retrofit installation into existing thermal processing
facilities and pallet racks.

FIG. 5 1s a side view of upright 42 of FIG. 4, showing
engagement points 43 and an edge 51. Edge 51 may have a
sawtooth pattern or profile 52 defining the engagement
points 43. Although one form of sawtooth pattern 1s shown
in FIG. 5, i1t 1s understood that other edge profiles are
compatible with the disclosures herein. When installed, edge
51 1s preferably oriented facing into the pallet seat (away
from the plenum), such that the engagement points are
accessible from the outside of the rack structure and blast
system. This allows for easy access and 1nstallation,
removal, replacement, or repair of louvers or louver door
assemblies. For example, louver pivots (shown more clearly
in FIGS. 6 A-6C) can be set 1n or lifted out of engagement
points 43 through the sawtooth pattern 52 without the use of
tools or special equipment. In alternative embodiments (not
shown), engagement points 43 may comprise holes, bush-
ings, bearings, sockets, brackets, or any other receiver
member suitable for receiving the pivoting louvers as
described herein.

FIG. 6 A 1s a perspective view of a louver compatible with
the doors 26 of FIGS. 2-4. Louver 44 includes plates 47 and
48 which may be referred to as upper plate 47 and lower
plate 48 relative to the ornentation of the louver when
installed 1 doors seen in FIGS. 2-4. Louver 44 includes
pivot 46 associated with plates 47, 48. Preferably, lever arm
45 1s weighted relative to plates 47, 48 such that the center
ol mass tends to rotate the louver 44 about pivot 46 toward
the lever arm 45. When installed, upper plate 47 of one
louver may rest against the lower plate 48 of an adjacent
louver to establish a closed position wherein air flow 1s
restricted or diminished. (In the uppermost louver, the upper
plate 47 may rest against a portion of the frame 41 1n the
closed position. Similarly, the lower plate 48 of the lower-
most louver may rest against a lower section of frame 41 in
the closed position, rather than another louver.) This has the
cllect of closing ofl the pallet seat from the plenum 1n the
horizontal areas of the opening spanned by each louver. In
FIG. 6A, lever arm 45 1s shown as a generally cylindrical
tube or rail which projects from one end of upper plate 47,
bends to extend along the length of upper plate 47, and then
bends to return to attach to the other end of upper plate 47.
However, other forms of lever arms are compatible with the
disclosure, for example, one or more bars, tubes, plates,
rods, or other structures may extend from the louver plates
at a position suitable to bias the louver to a closed position.
When the lever arm 45 1s pressed, the louver may rotate the
plates 47, 48 relative to the pivot such that the upper plate
4’7 1s no longer resting against plates of the adjacent louver,

establishing an open position where air flow 1s unimpeded.
This 1s shown and discussed further 1n connection with FIG.
7, below.

FIG. 6B 1s a rotated perspective view of the louver of FIG.
6A. As seen 1 FIG. 6B, pivots 46 may be formed from the
ends of rod 49 which extends along the length of louver 44.
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However, other pivot elements such as pins or axles fixed to
the ends of the louver 44 are also compatible with the
inventions provided by the disclosure. FIG. 6C 1s an end
view o1 the louver 44 of FIGS. 6 A-6B. As seen 1n FIG. 6C,
preferably, the angle 61 formed by upper plate 47 and lower
plate 48 may be obtuse, however, other configurations are
possible. In some embodiments, louver 44 may comprise
one plate with an upper section and a lower section. Simi-
larly upper plate 47 and lower plate 48 may be oriented at
a straight angle (1800). Orienting the plates 47, 48 at an
obtuse angle 61 may facilitate the selective, variable open-
ing of individual louvers 44 as disclosed herein.

FIGS. 7A-7C show a palletized product in contact with
louvered door assemblies of FIGS. 2-6. In FIG. 7A, pallet-
1zed product 10 1s placed against louvered door 26. Upper
louvers 71 are not contacted by the palletized product 10 and
remain 1n the closed position. Lower louvers 75 are con-
tacted by the palletized product 10 and rotated to the open
position, exposing horizontal openings 76 which improve
airflow through the product 10. FIG. 7B 1s a view of FIG. 7A
with the palletized product hidden so that the openings 76
are more clearly visible in the drawing. FIG. 7C 1s a rotated
view of FIG. 7A showing that lever arms 45 of the upper
louvers 71 are not contacted by the palletized product. As the
louvers are biased to the closed position, the assembly
shown can automatically adapt to any height of palletized
product 10 which i1s placed into contact with the variable
louvered door 26. Thus, each of the louvers are rotatable
about their respective pivots independent of the rotation of
the other louvers. By restricting airflow from going around
the product 10 1n the areas of the closed upper louvers 71,
more airflow 1s driven through the product 10 1n the areas of
the open louvers 75, providing for more ethicient thermal
treatment of the product 10. As seen 1n FIG. 7A-7B, open
louvers 75 may be oriented to direct airflow at an upward
angle 1nto the plenum and toward fans and air handling
equipment (shown 1n FIGS. 2-3). Thus, louvers in the open
position act as turming vanes to reduce turbulence and more
clliciently circulate air through the thermal processing sys-
tem, thereby reducing utility consumption.

Although the drawings generally show the louvers 44 1n
identical or substantially similar configurations, the louvers
may have different properties to enhance operations in
particular usage situations or installations. For example, one
or more louvers may be configured to overcome the weight
of the lever arm to rotate to the open position upon appli-
cation of suflicient negative pressure from the plenum
behind the door panel. Thus, the louver door may act as an
overpressure device protecting the air handling equipment
from excess strain 1f an insuflicient number of pallets are
installed to permit airtlow.

FIG. 8 shows a flexible side seal 25 first shown above 1n
connection with FIGS. 2-3. The view 1n FIG. 8 1s from the
perspective of the front of the pallet rack and shows a left
side seal 25, although the parts can simply be mirrored about
a vertical axis A to provide a corresponding right side seal.
Seal 25 includes a sheet 81, back panel 82, and front panel
83. Back panel 82 may be athixed to the louver door frame
or adjacent structures of the pallet rack surrounding the
opening into the plenum. Preferably, as shown more clearly
in FIG. 10A, back panel 81 1s attached to the a portion of the
pallet rack enclosing the plenum space while still permitting
access to the uprights and sawtooth openings of the door
frame to provide enhanced accessibility to the louver assem-
blies as described above. Similarly, front panel may be
aflixed to a front portion of the pallet rack assemblies. Top
edge 84 and bottom edge 85 are curved such that back panels




US 11,320,189 Bl

7

82 of a pair of left and right seals are closer together than
front panels 83 of the pair of seals. This directs airtlow
through adjacent palletized products (not shown) rather than
permitting airflow around the product and through the louver
door. Sheet 81 may be substantially perpendicular to the
horizontal door openings. Preferably, sheet 81 1s flexible and
deforms under air pressure to conform to the shape of
adjacent palletized product. This tight seal forces maximum
airtlow through the palletized goods, particularly 1n combi-
nation with the vanable height doors discussed herein.

FI1G. 9 illustrates pallet guide 22 previously described in
connection with FIGS. 2-3 above which border pallet seats
27 (see FIGS. 2-3). In FIG. 9, pallet guide 22 includes side
rails 91, back rail 92, and mounting hardware 93 for attach-
ing the guide 22 to pallet racks. Preferably, pallet guide 22
does not 1include components on the side of the pallet seat
opposite the plenum, thereby providing one open side for
access to the pallet seat. This reduces potential for collisions
and errors in pallet loading and unloading and provides
greater flexibility in system configuration and usage. Pallet
guides 22 may be installed 1n pallet racks to align palletized
products with the plenum openings and louvered doors
discussed above. Careful alignment, variable-height door
openings, and flexible side seals all contribute to increased
airtlow through the palletized product and improved thermal
transfer and system efliciencies.

FIGS. 10A-10B 1illustrate a partial pallet rack assembly of
FIGS. 2-3 showing the above-described components of
FIGS. 4-9 1n combination and more detail as a single pallet
seat 27. FIG. 10A 1s a perspective view showing pallet seat
27 bounded by variable louvered door 26, tlexible left side
seal 25, flexible right side seal 25", and pallet guide 22. As
seen 10 FIGS. 2-3, pallet seats 27 may be arrayed in multiple
rows and columns adjacent to a plenum and related air
handling equipment and fans. Palletized products may typi-
cally be provided on standard heights of pallets such that
pallet guides 22 can be 1n a fixed height relative to plenum
opening provided by door panel 26. However, pallet guides
22 may be provided at differing heights or adjusted to
accommodate different sized pallets as needed. Thus, the
bottom edge of containers 12 (see FIG. 1) may be aligned
with the bottom of door 26 when seat 27 1s filled with a
palletized product. FIG. 10B 1s a top view of the pallet seat
27 of FIG. 10A. As seen 1n FIG. 10B, curved sheets of seals
25 and 25' may extend inward of the rails of pallet guide 22,
ensuring a tight fit when palletized products are loaded nto
seat 27. Upon application of airtlow, side seals 25 and 25'
will seal against the side of the containers, and airflow above
the palletized product containers will be obstructed by the
closed louvers of the door 26 and/or surrounding framing
components. Such combinations provide enhanced airtlow
through the palletized products and increase thermal transier
and system efliciency.

The 1nvention claimed 1s:

1. A panel for a pallet rack assembly in a thermal
processing facility, comprising:

a plurality of louvers, wherein each louver comprises a
pivot associated with a plate and a lever arm extending
from the plate; and

a frame surrounding an opening, the frame comprising a
plurality of engagement points receiving the pivots of
cach of the louvers, wherein the louver plates are
ortented to span horizontal sections of the opening;

wherein the lever arms are weighted to bias the louvers to
a closed position inhibiting airtflow through the opening
near the horizontal sections spanned by the louver
plates;
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wherein the lever arms are pressable to rotate the louver
plates about their respective pivots to an open position
allowing airtflow through the opening near the horizon-
tal sections spanned by the louver plates; and

wherein a first louver from the plurality of louvers is
rotatable about 1ts respective pivot independent of the
rotation of a second louver from the plurality of lou-
vers, wherein the first louver 1s adjacent to the second
louver;

wherein the louver plates comprise an upper section at an
obtuse angle to a lower section, wherein the lever arms
extend from the upper section of each louver.

2. The panel of claim 1, wherein each of the plurality of
louvers are rotatable about their respective pivots indepen-
dent of the rotation of all of the other louvers.

3. The panel of claim 2, in combination with a flexible
side sheet oriented substantially perpendicular to the hori-
zontal sections of the opening, wherein, upon introduction of
airflow toward the panel, the side sheet 1s adapted to
conform to a shape corresponding to the vertical profile of
a pallet of goods.

4. The panel of claam 2, wherein louvers in the open
position act as turning vanes directing airflow toward a fan.

5. The panel of claim 4, wherein, 1n the closed position,
the lower section of the plate of an upper louver rests against
the upper section of the plate of an adjacent lower louver.

6. The panel of claim 1, wherein the frame comprises an
upright with sawtooth openings comprising the engagement
points.

7. The panel of claim 1, wherein at least one louver 1s
configured to overcome the weight of the lever arm and
rotate to the open position upon application of suflicient
negative pressure from a plenum behind the panel.

8. The panel of claim 1, 1n combination with guide rails
spaced to receive and support a pallet and align the pallet
with the panel.

9. A pallet rack for a thermal processing facility, com-
prising:

an array of pallet seats adjacent to a plenum;

a frame 1n between at least one pallet seat and the plenum,
the frame surrounding an opening to the plenum having
an upper section and a lower section, the frame com-
prising an engagement point receiving a louver com-
prising a pivot associated with a plate, the pivot being
inserted into the engagement point, wherein the louver
plate 1s oriented to span the upper section of the
opening; and

a flexible side sheet connected to the frame and oriented
substantially perpendicular to the frame, wherein, upon
introduction of airflow toward the frame, the side sheet
1s adapted to conform to a shape corresponding to the
vertical profile of a pallet of goods;

wherein the louver 1s biased to a closed position inhibiting
airtlow through the upper section of the opening by a
bar attached to the plate;

wherein the plate comprises a first section at an obtuse
angle to a second section, wherein the bar extends from
the first section, wherein in the open position the louver
directs airtlow 1nto the plenum at an upward angle;

wherein, when the bar i1s pushed, the louver plate is
rotatable about the pivot to an open position allowing
airflow through the upper section of the opening.

10. The pallet rack of claim 9, further comprising a second
louver comprising a second pivot associated with a second
plate; wherein the second louver plate 1s oriented to span the
lower section of the opening; wherein the second louver 1s
biased to a closed position inhibiting airtlow through the
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lower section of the opening; wherein the second louver 1s
rotatable about the second pivot independent of the rotation
of the louver about the pivot.

11. The pallet rack of claim 9, wherein the frame com-
prises an upright with sawtooth openings comprising the
engagement point.

12. The pallet rack of claim 9, wherein the at least one
pallet seat comprises guide rails spaced to receive and
support a pallet and align the pallet with the frame.

13. A blast freezer system for a thermal processing
tacility, comprising:

a pallet rack assembly comprising an array of pallet seats

adjacent to a plenum, the pallet rack assembly having
a depth corresponding to the thickness of a single pallet
to facilitate freezing of products on the pallet;

an air handler positioned at the top of the plenum oper-
ating to draw freezing air through the pallet seats into
the plenum;

a Irame separating at least one pallet seat from the
plenum, the frame surrounding an opening to the ple-
num and comprising a plurality of engagement points
for receiving a set of louvers, wherein each louver
comprises a pivot associated with a plate, the pivots
being positioned 1n the engagement points of the frame;

wherein the louver plates are oriented to span horizontal
sections of the opening;

wherein the louvers are biased to a closed position inhib-
iting airtlow through the opening near the horizontal
sections spanned by the louver plates and wherein the
louver plates comprise a first section at an obtuse angle
to a second section, wherein a bar extends from the first
section;

wherein the louvers are pressable by pressing the bar to
rotate the louver plates about their respective pivots to
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an open position allowing airtlow through the opening
near the horizontal sections spanned by the louver
plates;

wherein each of the louvers are rotatable about their

respective pivots independent of the rotation of the
other louvers such that a pallet carrying palletized
goods pressed against the louvers only exposes the
opening to a height corresponding to the height of the
palletized goods, thereby directing airtlow through the
palletized goods and into the plenum.

14. The blast freezer system of claim 13, wherein the at
least one pallet seat comprises flexible side sheets oriented
substantially perpendicular to the frame, wherein, upon
introduction of airflow toward the frame, the side sheets are
adapted to conform to a shape corresponding to the vertical
side profiles of a pallet of goods, thereby sealing the sides of
the pallet of goods to direct airflow through the palletized
g00ds.

15. The blast freezer system of claim 14, wherein the at
least one pallet seat comprises guide rails spaced to receive
and support a pallet and align the pallet with the frame.

16. The blast freezer system of claim 15, comprising
pallets of palletized products placed in the pallet seats,
wherein the pallets occupy less than all of the array of pallet
seats.

17. The blast freezer system of claim 13, wherein the air
handler comprises a fan with a direct drive electronically
commutated motor.

18. The blast freezer system of claim 13, in combination
with a second pallet rack separated from the plenum, the
second pallet rack comprising a second array of pallet seats
for storage of palletized products.
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